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Intermediate coupling calculations are  made vIAcI bL rvrrrrbusr- 

t i on  and 1st excited s configuration of neutral  Si,  Ge,  Sn, Pb, P, As, S, 

Se, C1, Br, and I. The similar calculations f o r  Si, Ge,  Sn, and Pb by 

Khokhlov are  confirmed. Tables of wavelengths, l i n e  strengths, t rans i t ion  

probabi l i t ies ,  and spin orb i t  parameters a re  given. Experimental radiative 

l i fe t ime data are used t o  provide an absolute scale and thus values of (r . 
Some radiat ive l i fe t ime measurements by the phase s h i f t  method i n  GeE, S i I ,  

SnI, c11, and I I are reported. The absolute scale  accuracy i s  5 20$. 

The r e l a t ive  scale accuracy i s  thought t o  be 1 6  f o r  strong l ines ,  

30-1 Ooqd f o r  intersystem l ines .  
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I. INTRODUCTION 

"he most prominent l i n e s  i n  the uv spectra of the  neutral  non-metals 

m m-I a re  i n  the  t ransi t ion array: ground s t a t e  np t o  np ( n  + 1 )  s. We 

tabulate here dipole t rans i t ion  probabili t ies i n  these arrays f o r  neutral  Si,  

Ge,  Sn, Pb, P, As, S, Se, C1,  Br, and I, calculated using intermediate coupling 

theory ( I C ) .  

(TAS), ( 1 9 6 3 ) ~  chap. 1 1 ,  and by EdlCn (1964). 

and Garstang and Blerkhom (1965) have published outstanding examples of I C  and 

more general calculations f o r  forbidden l i nes .  

have been useful i n  finding a sign error made by Heliwell ( 1961 ) . 

-- 

This theory and some examples are given by Condon and Shortley 

Garstang (1961) (1962) (1964) 

Calculations by Lurio ( 1966) f o r  PbI 

The calculation assumes t h a t  the  only deviation from LS coupling is  caused 

by t h e  spin orb i t  interaction. 

TAS, p.  268 except f o r  some sign conventions mentioned i n  the appendix. 

effect of the spin o rb i t  interaction i s  t o  mix levels  of the configuration which 

have the  s a &  J. miis a c l a s s i f i c a t i o n  assigraznt of a lzvel t o  a LS CGiipllng 

state simply names the  la rges t  component of the leve l .  

and JJ are limiting cases of I C .  

done by Khokhlov (1961) f o r  S i ,  Ge,  Sn, and Pb. 

here is convenient, requires l i t t l e  extra e f fo r t ,  and allows examination of a 

change i n  the  manner of determining the best  f i t .  

t he  same l i n e  strengths within 

The elements B, C, N, 0, and F are  essent ia l ly  i n  LS coupling i n  t h i s  context 

and are t rea ted  i n  the NBS tabulation fo r  the first 10 elements by Glennon e t  a1 

(19668). I n  the s and p configurations of t h e  boron column of the periodic table, 

there i s  no mixing of states due t o  the spin o rb i t  interaction s o  t h a t  the theory 

gives LS coupling results. 

The matrices of t h i s  interaction a re  given i n  

The 

The coupling cases LS 

Essentially the  sarne calculations have been 

The inclusion of these t ransi t ions 

The present calculations yield 

1% for strong l i nes  and e 5% f o r  weak l i n e s .  

-- 

Some references t o  work on the  neutral  i n e r t  gas 



resonance l i n e s  may be found i n  Anderson ( 1965) and Lincke and Grim ( 1966). The 

bibliography by Glennon and Wiese (1966) is  recommended f o r  other references. 

11. PROCEDURE 

Expansion ffi LS Coupling Basis 

The eigen value cailculations and matrix multiplications w e r e  done numerically 

and were made prac t ica l  by use of the  matrix subroutines at the Princeton Computer 

Center . * 

* These f a c i l i t i e s  are supported i n  par t  by National Science Foundation Grant 

NSF-GP579. 

The Hamiltonian matrices 

i j  
E: + hij, where h 

d 
the  spin-orbit  parameter, and 

used i n  the  LS coupling basis 

is  the  spin-orbit matrix frm 

are taken t o  be 

P' 

-~ ~ 

level .  

although i n  general the S la te r  integrals (W, p. 198) provide re la t ions  between 

t h e m .  Given a value of 

Following Garstar43 ( 1964), we treat the E,"s as independent parameters 
3 

5 p, t he  E l ' s  were found, where possible, by means 

LL 

E i s  the unpertmbed energy of the j"" LS coupling 
il 

of t r ace  re1s;tionships 

elements a re  l i s t e d  i n  

configurations p s and 

p , are formally the 

with $+ - 5 . 

2 

6 -m 

Given a value of 

J 

f o r  each of  the J values. The expressions f o r  the diagonal 

appendix I and a l so  the separate procedure used fo r  the  

3 p S .  Matrices involving more than half-filled shells, 

5 , the form of t he  Hamiltonian matrix, and the  experimental 

energies, the eigen values were calculated numerically. The rms e r ro r  A , 



between the  experimental energies and the  eigen values o f t h e  matrix was examined 

as a function of 5 and t he  minimum 5 value found. In  the  f e w  cases where 

approximate energies had t o  be included i n  the calculation, t he  eigen values 

result ing from the i r  perturbation were l e f t  out of the camparison. 

the powly  known level t o  give an approxima-ke contribution t o  the mixing of 

states bu% elialinates an undue contribution t o  the mean square error. 

l is ts  the values of 

divided by . 

This a l l o w s  

Table 1 

5 obtained i n  the f i t  process and the  value of rm8 error 

Line Strengths 

Given the "best" value of t he  spin orb i t  parameter f r an  the energy f i t ,  

the eigen vectors of the energy matrix form the  transformation matrix, J, 

betxeen the LS coupling basis and the energy states. 

o f  s t r e n e b  of t ransi t ions between an upper and lower configuration are glven 

by the uni tary transformation: 

The mxstzix of square rooks 

+ R U , where &is the  matrix of the t o t a l  dipole moment ( 1 )  k' -2lWer --up 

i n  t he  LS coupling basis.  

from t h e  tables of' Sbore and Menzel (1965) which were prepared specif ical ly  f o r  

use i n  transformations of the  form of  (1).  

The %matrices are obtainable (with t he  proper signs) 

The absolute l i n e  strengths axe 

( 3 )  

Where (41; - 1 )  = 3: here, and is not 11sed hy Shore nncZ Mer?ze1 b-!& is i=~2.-~dec? 

i n  t he  def ini t ion of the  usual radial factor  6 2 

(4)  , where  



r; 
/ 

Pi and P f 

central  potential .  

are  the rad ia l  wavefunctions result ing from the choice of a (s ingle)  

111. "SITION PROBABILITY TABLES 

From the l i n e  strengths, the experimental energies, and the s t a t i s t i c a l  

weights of the levels  the  quantit ies i n  Table 4 were calculated. 

are labeled as follows: EV., upper level  energy i n  ev; J, upper J value, 

NSEC, upper leve l  mean lifetime; LAMBDA, wavelength i n  Angstroms - These are cal-  

culated from the energies given by Moore (1949-1958) and may d i f f e r  s l igh t ly  

from measured values.; Lower state J; E, lower leve l  energy; L IS/" 2, t he  

angular l i n e  strength, see Eq. (3) ;  A, t rans i t icn  probabili ty i n  sec-', uses 

Fortran E format; F = f ,  the absorption f value; BRANCH PERCESITT, the percentage 

downward t rans i t ion  probabili ty fromthe given upper leve l ,  

form of the fonni las  connecting f 's ,  A ' s ,  L ' s ,  etc.,  were taken f r o m u e n  (1963). 

The columns 

- 

The numerical 

IV. THE ABSOLUTE SCALE 

The value of chosen f o r  each element is  given i n  Table 2 along with 

the experimental data used. 

determined largely by radiative l i f e t i m e  measurements. 

phase have been measured i n  our laboratory using the phase s h i f t  method described 

i n  the references of the  footnotes. 

phase s h i f t  determinations of lifetimes i n  Ge, Sn, Si,  C1 and I. A l i b e r a l  

estimate of maximum systematic error i n  these values i s  f 20$. 

t he  spin change l i n e  Iodine I, 1 8 3 ~ ~  i s  somewhat more uncertain because it 

suffers  from cascading with a l ifetime similar t o  i t s  own upper level.  

measurements i n  Table 3, excepting Si I ,  are for resolved l ines  of multiplets, 

The choice is  meant t o  correspond t o  real i ty ,  as 

Those l i fe t imes marked 

Table 3 reports f o r  the first time some 

The l ifetime of 

The 

whereas our previously reported l ifetimes are f o r  unresolved multiplets. It 



can be seen that as the spin orb i t  interaction causes an expected difference 

of lifetimes i n  a multiplet, the  wavelength sp l i t t i ng  becomes resolvable with our 

1 OA monochrometer . 
The experimental values available f o r  comparison with t h e  calculations are 

c lear ly  l imited.  

measured re la t ive  l i fe t imes.  

However general agreement is  seen between calculated and 

1 The l i fe t imes of the P1 and 3p0 states i n  PbI are  w e l l  known from leve l  

Comparing calculated and measured crossing measurements as shown i n  Table 3. 

lifetimes , we f ind tha t  

Thus for heavy atom, we may expect errors on the order of 3076 o r  more, though 

t h i s  may be an overgeneralization. 

calculated f o r  these t rans i t ion  arrays using numerical solutions of t h e  r ad ia l  

Schroedinger equation as described by Lawrence (1967). 

row elements these central  f i e l d  

For th i rd  and fourth 

2 
W values agree quite w e l l  with the  experi- 

mental values determined here. 

V. ACCURACY 

The A $  / values of Table 2 are the & percentage residual. error  

i n  t h e  f i t  and generally indicate a good f i t .  

l e s s  w e l l  than the  ground configurations. 

those of other authors, who use different  weighting procedures, shows tha t  t h e  

discrepancies are  generally on the order of 

The excited s t a t e s  seem t o  f i t  

The comparison of e values with 

A$ . The strongest e f fec t  t h a t  



the value of 

system l ines .  Typically, SOC e f o r  these l ines .  Thus ", 2% er ror  i s  caused 

by the  uncertainty i n  

p i t s e l f  has on the calculated l i n e  strengths i s  on the in te r -  

2 

z , except f o r  As,  Se, and I. 

However, several  other perturbations on the  central  f i e ld ,  e lectrostat ic ,  

approximation have been neglected. 

susceptible t o  admixture of "strong transit ion" s t a t e s .  

of r e l a t ive  f-values i n  Si1 and GeI by Slavenas ( 1964) allow examination of 

t h i s  problem. 

and by 1.67 x 

t he  present calculation within f 5%. 

f o r  the GeI inter-system l i n e s  2590, 2534, 2499, 3126, and 3270 are  factors  of 

1.9, 0.9, 1.3, 1.8, and 1.2, respectively, larger  than the present calculations. 

Further, i n  these examples, the weaker the  l i n e  the larger  the deviation. Thus, 

weak l ines ,  say l i n e  strengths < 0.2, can be expected t o  have errors  on the 

order of fac tors  of two. 

The weak l ines  strengths are especially 

The hook measurements 

If we multiply the hook values of f re1  by 1.57 x 1 0-3 fo r  Si1 

f o r  GeI, the values f o r  the non spin-change l i nes  agree with 

On t h i s  scale, the measured f-values 

Since the leve l  l ifetimes and hence the (r values used here are  determined 

mostly by the  strong t ransi t ions,  the absolute scale cal'ibration w i l l  not suffer 

from problems with the weak l ines .  

APPENDIX: Diagonal matrix elements 

W e  denote the  experimental energy of the (*'+'L)j l e v e l  by E ( 2s+l LJ) 

and the  sum of energies of levels  with t o t a l  ang. mom. J by EJ. 

I n  the matrzces for  p3 and p 3 s, the spin orbi t  parameter $ does not 

appear on the  diagonal and hence the eigen values are  functions of 

the  matrices as given i n  TAS, it follows from Garstang ( 1961 ), Obi and Y a n q a w a  

e2. U s i n g  



= .  

8 

(1955), and Shore and Menzel (1965) t h a t  a COLE i s t e n t  phase convention is  obtained 

by using a negative $ fo r  these cases. 

W e  l i s t  the diagonal matrix e lemnts  by the notation (term or level ,  

expression givirq the  diagonal element including the spin-orbit parameter). 

2 )I 

IV . p s or p-s; Two special  problems occur with t h i s  matrix. There 

are four terms involved and only three t r ace  relat ions.  

the  sign values of the 2 x 2 submatrix f o r  J = 5/2 are expressed analytically,  

giving square root expressions fo r  the unperturbed energies. 

To solve t h i s ,  

For t h e  

2 
elements studied, the  experimental value of E ( SA) was  generally not 

available. 
2 

An approximate value was put i n to  the calculakion by means 

of the S la t e r  re la t ions.  

E 
4p5/2 

E5/2-E 

3/2 
2D 

E 
4p3/2 

3/2 
2p 2 

SL 
2 



. 9 .  

9 

V. p 3 s; Here, the diagonal elements do not depend on 5 . I!(%) = E( h3) and 
E(%)= E(% ). The remaining term values, 1 D, 'S, 'P, and 3 S have only 

0 

two t race  relat ions t o  res t ra in  t h e m .  

obtain the  "best" values of these terms. Star t ing with the respective 

emerimental values, numerical trial values of the terms were fed in to  

the program and the resul t ing error  used t o  i t e r a t e ,  subject t o  the t race 

constraints.  

An i t e r a t ive  process was used t o  

For S and Se the process converged i n  three trials. 
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TABLE 1 

SPIN ORBIT P- 

si 3p2 

G e  4p2 
Sn 5P2 
pb 6p2 

3 P 32 
A s  4p3 

4 
S 3P 
Se 4p4 

c1 3P5 

I 5P5 
Br 4p5 

0.12 

0 *? 
1.1 

1.4 

0.5 
0.5 

0-5 
0.9 

148 
920 

2222 

731 5 

-325 
-1 448 

-387 
-1 81 2 

1 4aa 
921 .5b 

224Tb 
?355b 

343a 
144lb 

-38ga 
1 808~ 

3P4S 2.2 21 4 1 

4P5 s 0.06 1110 1110' 

3p24s 0.2 298 
4€J25S 5 1 794 

3 3 4 s  0.4 -484 
4P% 3 -2  -201 5 

4P45S 0.6 -271 4 

5P6S 0.3 2650 2648' 
6P7s 0.85 8920 8908' 

3P44S 0.1 -662 

8 -7 -5253 4 5P 6s 

a. Pasternack (1940) 
b. Garstang (1964) 
C. mokhlov ( 1961 ) 
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TJJXLE ? 

Sources of Absolute Scale 

r2 7- 2 
0- 2 

W 
Exper. 

Element h nsec Exper. ~ Adopted Other Nominal 
9 

Si1  2505 6.ia 
251 4-1 5 6.0b 

G e I  

S n I  

PbI 

PI 

A s 1  

S i  

SeI 

C l  I 

B rI 

I 1  

3040 
2593 

31 76 
3035 
2707 

2833 
2022 

1859 
1 775 
21 36 

i 607 
1666 

1 335 

1783 
1830 

4.4b 
6.0b 

6.0b 
6.0b 
4 Jb 

5.7SC 
4 *99d 

2 .9a 
4.0a 
2 .4a 

. ,a ' - 2  

1 .5a 

b 
2.0 

3 .Sb 
8@3Ob 

0.642 
0.646 

0,913 
0 759 

1.03 
1.15 
1.19 

1.47 
1.13 

0.605 
0.689 
0 594 

C.?C 

0.506 

0.202 

0.407 

0.65 

0.8 

1.1 

1.25 

0.60 

0. k2f 

50 

0.48 

0.202 

f 0.19 

.40 0.312.12 

6.02 
6.02-6.08 

5-02 
5.68 

1 .03e 6.28 
1 5.62 

6.80 

0.90e 5.09 

4.42 

2 0 8 9  
4.60 
2,38 

1.47 

1.52 

2.0 

3 0 6 6  
63 

a, Phase/Life - Savage ahd Lawrence ( 1967) 
b. Phase/Life - Table 3 

f .  Theoretical - 
Lawrence ( 1967) 

c. Level Crossing - Se;Lcrman an6 iiapyer- I *nCL\  I ~ U J  

d. Level Crossing - salsunan ( 1966) 
e. Lawrence, Link, and King ( 1965) 
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TABLE 3 

PHASE SHIFT LIFETIMES NOT REPORTEJI ELSEWHERE 

Si I Si C14 251 4-1 5" 
Ge I Ge C14 3040 

2593 

3034 
2707 

Sn I Sn C14 31 76 

Cl I C C14 1335 

I F5 
I F5 

1 390 
1783 
1830 

I 1  
I 1  

* Unresolved multiplet 

6.0 
4.4 
6.0 

6.0 

6.0 

4.7 

2 .o 
1500 

go 5 30 
3 -6 

0.01 1 00 

0.014 100 

0.01 100 

0.01 1 00 

0.015 100 

0.012 100 

0.01 3 50 
unknown 

50 
unknown 
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LEAD I 
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S I N G  S 00 3065 
S I N G  D 2.0 2.66 
T R I P  P 200 1.32 
T R I P  P 100 0.97 
T R I P  P 00 00 

S I N G  0 2.0 2.66 
T R I P  P 200 1032 
T R I P  P 100 0 0 9 7  

S I N G  S 00 3065 
S I N 6  D 2.0 2.66 
fR!P P 2.Q 1632 
T R I P  P 1.0 0-97 
T R I P  P 00 00 

T R I P  P 100 0097 

1, 
10789242 
80 147502 
00015142 
00367455 
00210746 

00744556 
6,755352 
2 5OOOO6 

O 2 10746 
I o  107826 
3.229416 
1 132559 
10789242 

1 999987 

L 
10940525 
60723227 
10156709 
00423998 
00 OWt62 

3,092765 
4,407144 
20 500006 

00 059462 
0.183897 
4=43!5n+3 
10076015 
1.940525 

10999987 

A 
(/SEC) 
00143E 08 
Oo174E 09 
0o517E 06 
O014SE 08 
0o946E 07 

0o897E 07 
0o131E 09 
Oo56lE 08 

0o875E 06 
0o150E 08 
0o748E 08 
0,308E 08 
0o565E 08 

0o159E 09 

A 
i/SECl 
0o130E 08 
O0124E 09 
00569E 08 
0-258E 08 
OobObE 07 

002996 OS 
0ol18E 09 
0,832E 08 

0,989E 04 

0,540E 08 
0o188E 08 
00719E 08 

0 o 1 0 1 E  09 

004106 06 

F 
001461 
00 1419 
0.0338 
00 0222 
000111 

000623 
001247 
001268 

000013 
Oo0019 
0.0824 
0.0371 
002582 

0,0682 



. 
PHOSPHORUS I 

UPPER STATE 
E V o  J YSEC 

DOUB 5 0 0 5  
80 68 3006 

DOUB 0 205 
8 - 0 6  2 0 8 9  

DOUB P 1.5 
7 - 2 1  2 0 3 8  

W A R  P 2 0 5  
60 90 4060 

QUAR P 1 .5  
60 95 6 0 6 5  

QUAR P 0.5 
6 0 9 4  4069 

LOWER 
STATE J 
OOUB P 105 
DOUB P 0 0 5  
DOUB D 1 - 5  
QUAR S 1 0 5  

DOUB P 1 0 5  
DOUB P 0.5  
DOUB D 205 
DOUB D 1 0 5  
W A R  S 1 0 5  

DOUB P 105 
DOUB D 2 0 5  
DOUB D 1 0 5  
QUAR S 1 0 5  

DOUB P 1 0 5  
DOUB P 0.5 
OOUB D 2 0 5  
DOUB D 1 0 5  
W A R  S 1 0 5  

DOUB P 1 0 5  
DOUB P 0 - 5  
DOUB D 1 0 5  
QUAR S 1 0 5  

DOUB P 1 0 5  
DOUB D 2 0 5  
DOUB D 1.5 
W A R  S 1-5  

DOUB P 1 0 5  
DOUB P 0 0 5  
DOUB 0 2 0 5  
OOUB D 1 0 s  
W A R  S 1 0 5  

DOUB P 1.5 
DOUB P 0 0 5  
DOUB D 1 0 5  
QUAR S 1.5 

L 
20624322 
1 373028 
00002738 
0-000033 

00 56,8380 
10 594644 
Oo4?7903 
5 0  364644 
00 000097 

20863414 
80395211 
0.737132 
00 000785 

S o  11OO09 
10070272 
90099360 
00616917 
OoOO4405 

00 824286 
10 9S9040 
50205934 
00001257 

00 0080i3C 
00004789 
00 000291 
5 998337 

00 008249 
00001731 
01022717 
0 004698 
3 9Wi827 

OoO01300 
OoOO1Z47 
00007500 
1 993271 

A 
I / S E C )  
0o215E 0 9  
0o112E 0 9  
0o335E 06 
0o689E 04 

0o173E 08 
Oo485E 08 
0o226E 08 
0o254E 09 
Oo815E 04 

00579E 0 8  
0o244E 09 
0o232E 08 
Oo440E 0 5  

0.951E 08 
0o200E 08 
0o283E 09 
00211E 0 8  
0-263E 06 

Oo3OOE 08 
0o714E 08 
0o318E 09 
00148E 06 

OOQOSE 02 
0o88lE 05 
0o536E 04 
0o217E 09 

Ool30E 06 
0o274E 05  
0e617E 06 
0o128E 06 
0o214E 0 9  

0o406E 05 
0o391E 05 
0o403E 06 
0o213E 0 9  

F 
0,0609 
0.0637 
000001 
0 ~ 0 0 0 0  

000119 
000670 
0.  0078 
001306 
00 0000 

0-  0601 
001362 
0,0179 
000000 

000912 
0,0382 
001284 
000143 
0.0001 

0.0146 
0,0694 
0-1096 
000000 

O*O@(?O 
000001 
000000 
001529 

0.0001 
O ~ O O O l  
00 0003 
000001 
OoLOl4 

000000 
000000 
000002 
000506 

BRANCH 
PERCENT 

65.599 
340346 

00102 
00002 

5.045 
14o1?9 

60602 
740171 

00002 



. 

UPPER STAFE 
E V o  J YSEC 

DOUB S 005 
8 0 9 8  3.73 

DOUB D 1.5 
7.54 5.36 

DOUB P 1.5 
6.77 4046 

QUAR P 2 0 5  
60 59  7079  

DOUB P 0.5 
6056 4.64 

QUAR P 1 0 5  
5-40 8015 

QUAR P 0 0 5  
6.28 8 0 3 5  

A R S E N I C  

LOWER E 
STATE J ( E V o )  
DOUB P 1 0 5  2.31 
DOUB P 0 0 5  2025 
DOUB 0 1-5  1031  
QUAR S 1 -5  00 

DOUB P l a 5  2-31 
DOUB P 0 0 5  2025 
DOUB D 2 0 5  1035 
DOUB 0 105  1031  
QUAR S 1 0 5  00 

DOUB P l o 5  2031  
DOUB D 2 0 5  1035 
DOUB D 105 1 0 3 1  
QUAR S 1 0 5  00 

DOUB P 1 0 5  2031  
DOUB P 0 - 5  2025 
DOUB D 2-5 1-35 
DOUB 0 105 1031 
QUAR S 1-5 00 

DOUB P 1 0 5  2-31 
DOU8 P 0 0 5  2025 
DOUB 0 1 0 5  1.31 
QUAR S 1 0 5  00 

DOUB P 1 0 5  2.31 
DOUB P 0 0 5  2.25 
DOUB D 2-5  1-35 
DOUB D 1.5 1031  
QUAR S 105 00 

DOUB P 105 2-31  
DOUB P 0.5 2025 
OOUB D 1 0 5  1031 
QUAR S 1 0 5  00 

I 

L 
2.418845 
1 558164 
OoO25781 
00 000106 

2 172920 
10 162552 
00 039421 
40876524 
0 ~ 0 0 8 1 0 0  

20376877 
8ol65541 
lo221766 
0-068309 

4.466795 
10 471869 
90 167159 
OoOO4322 
00064890 

OoOOS129 
0,234458 
Oo013801 
50914081 

00358330 
1 7 1 5414 
50411808 
0 0729 16 

00 157631 
0-032225 
00393101 
00052942 
30929100 

00 013449 
00059737 
00 392896 
10942509 

A 
( / S E C )  
O0160E 09 
0o106E 09 
0o259E 07 
0,172E 05 

0o346E 08 
0 0 1 9 1 E  08 
0,104E 07 
0ol31E 09 
0o38fE Ob 

0o253E 08 
O0144E 09 
00220E 08 
0o218E 07 

0o44tE 08 
O o l S l E  08 
Ool63E 09 
0o783E 05 
0,225E 07 

0,298E 05 
Oo2SOE 07 

0,126E 09 
Ool51E 06 

0o612E 07 
0o305E 08 
0o174E 09 
Oo459E 07 

0o120E 07 
0o256E 06 
Oo563E 07 
0,777E 06 
0.115E 09 

0,608E 06 
0,872E 06 
Oo108E 08 
0,108E 09 

F 
oOO412 
000535 
OoOOO5 
0,0000 

00 0290 
000314 
OoOOO4 
0,0776 
0,0002 

0,0318 
000861 
000194 
000013 

00 0509 
0,0340 
Oo0846 
O I O O O l  
0,001 1 

00 0001 
0,0021 
000002 
0.0995 

0,0039 
00 0377 
0,0725 
000012 

000016 
O o O O O 7  
OoOO34 
OoOOO7 
0,0642 

OoOOO4 
000012 
0-0050 
000312 

BRANCH 
PERCENT 

590622 
39.405 

00966 
00005 

18.568 

0,558 
70.403 

0,208 

13,078 
74,440 
11,355 

10127 

10026% 

19,698 
6-744 

720521 
0,035 
10002 

00023 
1,947 
00117 

97.912 

2.841 
14olbO 
80,869 

20130 

30978 
O.208 
4.591 
00633 

930590 

Do507 
0,728 
80988 

890776 



SULFUR I 

UPPER STAlE LOWER E A 
E V O  J NSEC LAMSOA STATE J ( E V o I  L ( / S E C )  F 

TRIP P 200 
9 0  57 2.16 

TRIP P 100 
9 0  56 2018 

TRIP P 0 ,  
90 56 2019 

S I Y G  D 200 
8.50 1052 

TRIP D 3 0 0  
80+1 30  16 

TRIP D 2.0 
8041 3021 

TRIP 0 1.0 
8041 3022 

TRIP S 1.0  
60 86 1047 

QUIN S 200 
6052 17,396. 

SING S 00 
SING D 200 
TRIP P 0. 
TRIP P 100 
TRIP P 200 

SIN6 D 200 
TRIP P 1.0 
TRIP P 2.0 

SING s o w  

SING D 2.0 
TRIP P 00 
TRIP P 100 
TRIP P 200 

TRIP P 1.0 

SING 0 200 
T R I P  P 100 
TRIP P 200 

SING 0 200 
TRIP P 200 

SING D 2.0 
TRIP P 100 
TRIP P 200 

SING S O m  
SING 0 200 
TRIP P 00 
TRIP P 1.0 
TRIP P 200 

SING S 00 
SING D 200 
TRIP P 0 ,  

TRIP P 2.0 
TRIP P 100 

SING D 200 
TRIP P 100 
TRIP P 200 

2075 
1015 
0.07 
0005 
00 

1015 
0005 
00 

2.75 
1015 
0007 
0005  
00 

0005 

lo15 
0 0 0 5  
00 

1015 
00 

1015 
0 0 0 5  
00 

2075 
1015 
0007 
0.05 
00 

2075 
lo15  
0007 
0.05 
0. 

i o i S  
0 0 0 5  
00 

110979724 Oo714E 09 100137 
60988924 0o554E 0 9  001039 
0,000011 0o169E 04 000000 
00000000 0o777E 02 0.0000 
0-000711 Ooll5E 06 000000 

0.049635 0o315E 07 000010 
10445948 Oo133E 09  000558 
3,521039 0o328E 09 000820 

OoOO1125 0o630E 05 000001 
00005020 0o530E 06 000001 
10111520 Ool69E 09 001291 
00728887 O o l l l E  09 000281 
1.153113 0o119E 09 000268 

00999999 Oo457E 09 000386 

140941411 Oo653E 09 002706 
0,005239 Oo346E 06 000002 
00033456 0o225E 07 OoOOO7 

OoOO6163 0o179E 06 000001 
6.993834 0o316E 09 0,1431 

O o O O O O 4 O  0o162E 04 0.0000 
3,548401 0o220E 09 OoL203 
10452750 0o918E 08 000297 

Oo013052 0o419E 06 000009 
Oo007184 0o487E 06 0.0001 
10578989 0o162E 09 0.1601 
Lo321426 0o137E 09 0.0448 
00104266 O o l l O E  08 000021 

OoOOO947 Ooll6E OS 000000 
00001479 0o489E 05 000000 
10308616 Oo725E 08 001081 
3,949673 0o22lf 09 0.1091 
60739226 0o385E 09 0,1125 

00cc00c0 0.295E 01  n,n000 
OoOOO443 Ool28E 05 000000 
OoOO1515 Oo447E 05 000000 

BRANCH 
PERCENT 

56.294 
43.696 

00000 
00000 
00009 

0.680 
280597 
700723 

0-014 
0.115 

360825 
24.186 
38-859 

lODo000 

99,605 
90053 
O 343 

00057 
990943 

00001 
700587 
29.412 

0.135 
00157 

520170 
46 0 00s 

30534 

00002 
0000’1 

10.682 
32.553 
560756 

0 0 0 0 5  
22-230 
77.765 



UPPER STATE LOWER E A 
E V o  J NSEC LAMBDA STATE J ( E V o )  L (ISEC) F 

S I N G  P 1.0 
9 0  00 1021 

T R I P  P 2.0 
B o 8 8  2.90 

T R I P  P 1.0 
8083 2071 

T R I P  P 0 ,  
8.80 3013 

SING 0 2.0 
7087 2022 

T R I P  D 3 0 0  
70 72 4.30 

T R I P  D 2.0 
70 67 4041 

T R I P  0 1.0 
7-65 6052 

T R I P  S 100 
6032 2005 

Q U I N  S 200 
5-97 1128-45 

SING S 00 
S I N G  D 2.0 
T R I P  P 0 ,  
T R I P  P 100 
T R I P  P 200 

S I N G  D 2.0 
T R I P  P 100 
T R I P  P 200 

SIN6 S 0 -  
SING D 200 
T R I P  P 0.  
T R I P  P 100 
T R I P  P 200 

T R I P  P 100 

SING 0 200 
T R I P  P l o 0  
T R I P  P 200 

SING D 2 - 0  
T R I P  P 200 

SING D 200 
T R I P  P 100 
T R I P  P 200 

SING S 0.  
SING D 200 
T R I P  P 00 
T R I P  P 100 
T R I P  P 200 

S I N G  S 00 
S I N G  0 200 
T R I P  P 00 
T R I P  P 100 
T R I P  P 2.0 

S I N G  0 2.0 
T R I P  P 1.0 
T R I P  P 200 

110174498 Oo456E 09 0,8109 
40461933 0o361E 09 000614 
OoO19279 0o214E 07 000020 
0,019934 0o227E 07 OoOOO7 
00066610 0-822E 07 OoOO14 

0,773961 0o360E 08 000139 
20026021 0o133E 09 0.0681 
20455726 Ool76E 09 000510 

00486995 0o182E 08 000342 
00453017 0o343E 08 000081 
lo496988 Oo157E 09 0.1488 
Oo6SO52O 0o698E 08 000217 
00768422 0o898E 08 000158 

00999999 0o319E 09 0.0333 

130864148 0o422E 09 002164 
00213318 0.123E 08 000081 
00306777 0o152E 08 000056 

00 127771 
60872227 

O O i 7 ' 8 2 1 l  
2 694546 
2 384660 

00 188843 
Oo107035 
lo316090 
1 656889 
00 138628 

OoOI6250 
00032738 
1 303040 
3.672644 
6.971737 

00 OOOO42 
n n n r r k t  u o w w u r . .  

0,035329 

0o259E 07 
0o230E 09 

0,49?E !I? 
0o112E 09 
O o l l O E  09 

0o369E 07 
Oo490E 07 
0o882E 08 
0o114E 09 
0 , 1 0 5 E  08 

0o122E 06 
0o754,E 06 
00480E 08 
00140E 09 
0o299E 09 

0o472E 03 
Q = L 1 A F  06 
0o768E 06 

000019 
0,1239 

0-0027 
000778 
0.0427 

OoO107 
OoOOX6 
001127 
00 0477 
OoOO2S 

O 0007 
O o O O O 4  
000914 
00 0869 
OoLO29 

0 0 0000 
000001 
OoOOOS 



UPPER STATE 
EV-  J NSEC LAMBDA 

DOUB S 0 0 5  112201 
11.16 10.15 111101 

DOUB D 105 120104 
10.43 4.21 118808 

DOUB 0 2 0 5  118808 
10.43 40 12 

DOUB P 0 0 5  135107 
9.28 2-00 1335.8 

DOUB P 105 1363.5 
9.20 2.05 134703 

Q U A R  P 0 0 5  139000 
9.03 444.40 1373.2 

QUAR P 105 139606 
8.99 98046 1379.6 

Q U A R  P 2.5 138908 
8-92 4428.8 

UPPER STATE 
E V o  J NSEC 

DOUB S 0 0 5  
9.41 16-51 

DOUB D 1.5 
9.59 6021 

DOUB D 2 0 5  
90 58 5074 

DDUB P 005 
8.55 3 0 0 4  

DOUB P 1-5 
8.33 5039 

Q U A R  P 0 0 5  
8.29 95091 

QUAR P 1.5 
8.05 7023 

QUAR P 205 
7-86 52204 

LOWER 
STATE J 
DOUB P 0 0 s  
DOUB P 105 

DOUB P 0 0 5  
DOUB P 105 

DOUB P 105 

DOUB P 0.5 
DOUB P 105 

DOUB P 0 0 5  
DDUB P 1 0 5  

DOUB P 0 0 5  
DOUB P 105 

DOUB P 0 0 5  
DOUB P 105 

DOUB P 105 

E 
t EVO 1 
0011 
0. 

0.11 
0. 

0. 

0.11 
00 

0011 
00 

0011 
00 

0011 
00 

00 

A BRANCH 
L t/SEC) F PERCENT 

0,263322 0o381E 08 0-0071 380687 
Oo405196 0o604E 08 0.0056 61,313 

30550043 0.209E 09 O o O 9 O O  880125 
00463506 Oo282E 08 000059 11.875 

50991076 Oo243E 09 000768 1000000 

3.936107 0-326E 09 000887 650142 
20032713 0o174E 09 000232 34.858 

lo754837 0o708E 08 000392 140517 
90969636 0o417E 09 001127 850483 

Oe022790 0.173E 07 0-0005 77,100 
0.006526 0o515E 06 000001 22,900 

0.028429 0o107E 07 OoOOO6 100504 
0.233490 0o909E 07 0.0026 890495 

0.008894 002266 06 0.0001 1000000 

LOWER 
LAMBDA STATE J 
1384.7 DOUB P 0 0 5  
1317.5 DOUB P 105 

135800 DOUB P 0 0 5  
129303 DOUB P 105 

157500 DOUB P 0.5 
1488.6 DOUB P 1.5 

158205 DOUB P 0 0 5  
149503 DOUB P 1.5 

1633-6 DOUB P 0 0 5  
1540.8 DDUB P 1.5 

157605 DOUB P 1 0 5  

E 
(EV.1 
0044 
00 

O 046 
00 

0. 

0046 
00 

0046  
0. 

0046 
00 

0046 
00 

00 

A BRANCH 
L (/SEC) F PERCENT 

00416330 Oo302E 08 0.0086 55,804 
0.284001 0o239E 08 OoOO31 44-196 

40071402 Oo156E 09 000859 970133 
00103795 0.461E 07 000011 2,861 

5,882957 0.174E 09 000652 100-000 

30636961 O.195E 09 OoO68O 590226 
2o123S61 0o134E 09 010210 400774 

00168928 0o820E 07 0.0031 79.445 
00036873 O.212E 07 000004 200555 

0.454992 OolOOE 08 OoOO8O 70257 
4.879454 0o128E 09 000454 92.743 

0.117013 0ol91E 07 000011 1000000 



UPPER S T A l E  
E V o  J YSEC 

DDUB S 0 0 5  
80 7 2  8066 

DOUB 0 1 0 5  
8m23 %049 

DOi iB  i) 2 0 5  
8019 4 -88  

DOUB P 0 0 5  
7083 2 0 3 9  

OUAR P 1.5 
70 66 7012 

QUAR P 0.5 
7 0 5 5  25005 

ODUB P 1.5 
60 95 3066 

QUAR P 2.5 
b o  77 6 2  0 57 

IODINE I 

LOWER 
LAMBOA STATE J 
159306 DOUB P 0 0 5  
162104 DOUB P 1 0 5  

170201 DOUB P O w 5  
150700 DOUB P 1 0 5  

179901 DOUB P 0 0 5  
158206 DOUB P 1 0 5  

187604 DOUB P 0 0 5  
164201 DOUB P 105 

2062.3 DOUB P 0 0 5  
178208 OOUB P 1 0 5  

1830.4 DOUB P 1.5 

A BRANCH 
L ( / S E C I  F PERCENT 

lo140384 Ooll4E 09 0,0432 980808 
00009764 0o138E 07 000002 1-192 

4,990320 0o205E 09 001769 920059 
Oo298811 0o177E 08 OoOO6O 70941 

50273?07 0o205E 09 001050 1OOoOOD 

30034920 0o211E 09 001018 50,445 
2,029481 0o207E 09 0,0387 49,555 

00046915 0o287E 07 OoOO15 7 ,202  
Oo405191 0o370E 08 0,0014 92.198 

0,128355 0o296E 07 000038 10083 
70574779 Oo271E 09 Ow1282 980917 

00726263 0o160E 08 000120 1000000 


